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PROCESS FOR COATING RIFLE TUBES 

GOVERNMENTAL INTEREST 

The invention described herein may be manufac 
tured, used and licensed by or for the Government for 
governmental purposes without the payment to me of 
any royalty thereon. 

FIELD OF THE INVENTION 

This invention is related to a process for applying a 
wear resistant metallic slurry composition to the inside 
diameter of a breech tube sleeve. 

BACKGROUND OF THE INVENTION 

In the past, chromium plating was the principal 
method used to successfully prepare gun barrels to 
combat wear and erosion. 
One of the problems with the'prior art electroplating 

method is that it is restricted to certain platable compo 
sitions which do not include refractory metals and al 
loys that could be advantageously used for gun barrel 
wear and erosion resistant applications. Another prob 
lem with electroplating gun barrels is that the process 
frequently causes hydrogen embrittlement. It is also 
difficult when electroplating the inside of a gun barrel 
to obtain a uniform coating and therefore the process is 
usually time consuming and costly. 
A further problem with chromium electroplated gun 

barrels is that they fail to meet the extreme wear and 
erosion properties imposed by the latest hypervelocity, 
rapid fire gun systems presently being developed. 

PRIOR ART STATEMENT 

A cursory review has been made of Coating Process, 
interior of hollow article coating, vacuum or pressure 
utilized under class 427, subclass 238, and no disclosure 
has been found which may be considered signi?cantly 
pertinent to the present invention. 

SUMMARY OF THE INVENTION 

The present invention describes a powder metallurgi 
cal process for coating the inside diameter of an insert 
able sleeve for a gun tube which is resistant to projectile 
induced wear and propellant gas erosion. A mixture of 
metal powders are sintered upon a mandrel which is 
then inserted into a tube sleeve. The mandrel sleeve 
assembly is swaged and vacuum heat treated to metal 
lurgically bond the coating to the inside of the sleeve. 
The mandrel is removed from the sleeve by a combina 
tion of first mechanically drilling an interior portion of 
the mandrel material exclusive of the coating, and then 
removing the remaining mandrel shell by chemical 
etch. A nickel chromium aluminum yttrium (Ni Cr A] 
Y) inside surface is obtained which provides a wear and 
erosion resistant alloy surface for the sleeve that cannot 
be otherwise appled to the inside diameter of an insert 
able sleeve for a gun breech. 
An object of the present invention is to provide a 

process for coating the inside diameter of narrow bore 
tubes which makes them resistant to projectile wear and 
propellant gas erosion. 
Another object of the present invention is to provide 

a process for metallurgically bonding a Ni Cr Al Y 
metallic layer to the inside diameter of a tube. 
A further object of the present invention is to provide 

a slurry process for coating the inside of a tube which 
when inserted into a gun breech of a hypervelocity 
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2 
rapid ?re gun system will have wear and erosion prop 
erties superior to prior art chromium plated surfaces. 
For a better understanding of the present invention, 

together with other and further objects thereof, refer 
ence is made to the following descriptions taken in 
connection with the accompanying drawing. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the drawing, a slurry mix 1 is pre 
pared by mixing together l87.5 grams of water with 
0.42 grams of a suspending agent such as Kelzan, a 
polysaccharide gum, manufactured by Merk & Co. of 
Rahway, NJ. with 0.83 grams of a binding agent, such 
as Polysilicate 48 as manufactured by DuPont, with 
118.8 grams of Ni Cr Al Y powder in a blender. The Ni 
Cr Al Y powder comprises Bal.% Ni particles, 17.1% C 
particles, 6% Al particles, and 0.3% Y particles. All the 
metal powder particles are within a range of 5-20 mi 
crons. The next step requires the selection of an appro 
priately sized steel mandrel. Then in steps 2, 4 and 6, the 
mandrel is successively dip coated in the Ni Cr Al Y 
slurry mix until the desired diameter is obtained. In the 
preferred embodiment the mandrel was successively 
dipped in the slurry mix three times. Air drying steps 3, 
5 and 7, at 80° C., are used after each coating step. After 
the last drying operation, the coated mandrel is sintered, 
in step 8, in a vacuum oven at a temperature of 1110“ C. 
for 1 hour. The vacuum pressure of the sintering oven is 
maintained at approximately 10-2 mm Hg pressure 
level. The sintered mandrel, in step 9, is next inserted 
into a tube, made of such material as Inconel. The ?t 
between the inside diameter of the tube and the outside 
diameter of the coated‘ mandrel should be what is com 
monly known in the art as a “loose ?t”. The mandrel 
tube assembly is then, in step 10, subjected to a double 
swaging operation where there is a 3.0% reduction in 
outside diameter of the tube on the ?rst draw and a 17% 
reduction in outside diameter on the second pass 
through the swaging dies. The swaged mandrel-tube 
assembly is then, in step 11, vacuum ?red for 1 hour at 
1100° C. while maintaining the vacuum pressure at 
10-2 mm Hg. After the swaged sintered mandrel-tube 
assembly has been allowed to cool down it is removed 
from the vacuum ?ring chamber. The mandrel in step 
12 is axially drilled so that a thin hollow mandrel re 
mains. The sintered hollow mandrel-tube assembly is 
then, in step 13, etched in a warm concentrated nitric 
acid solution to remove the remaining portions of the 
mandrel from the assembly. The coated tube is then, in 
step 14, rinsed in ?owing water and then, in step 15, air 
dried. As previously stated the tube may be made of 
material such as Inconel. Inconel is a nickel-chromium 
iron alloy manufactured by International Nickel Co. 
and selected in the preferred embodiment because of its 
corrosion resistance and its ability to better maintain 
structural characteristics at elevated temperatures. 
While there has been described and illustrated spe 

ci?c embodiments of the invention, it will be obvious 
that various changes, modi?cations and additions can be 
made herein without departing from the ?eld of the 
invention which should be limited only by the scope of 
the appended claims. 
What is claimed is: 
1. A process for coating the inside diameter of a tube 

with a wear and erosion resistant coating which in 
cludes the steps of: 
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preparing a slurry mixture of nickel, chromium, alu 
minum and yttrium powders in an aqueous solu 
tion; 

selecting a mandrel to ?t inside of said tube; 
repetitively dip coating said mandrel in said slurry 

mixture; 
air drying said coated mandrel after each dip coating; 
sintering said coated mandrel in a vacuum furnace; 
inserting said coated mandrel into said tube to form a 10 

mandrel-tube assembly; ‘ 

swaging said mandrel-tube assembly to create a re 
duction in the outside diameter of said tube; 

vacuum sintering of said mandrel-tube assemblyafter 
it is swaged; l5 

axially drilling said mandrel in said sintered mandrel 
tube assembly to remove material therefrom; 

chemically etching said drilled mandrel-tube assem— 
bly to remove the remaining mandrel material; 0 

rinsing said chemically etched coated tube in water; 2 
and 

air drying said coated tube. 
2. A process as recited in claim 1 wherein said slurr 

mixture consists of: ~ 25 

187.50 grams of water; 
0.42 grams of Kelzan; 
8.30 grams of Polysilicate 48; and 
118.80 grams of Ni Cr Al Y metal powders. 
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3. A process as recited in claim 2 wherein said nickel, 

chromium, aluminum, and yttrium‘ metal powders have 
a particle size of less than to 20 microns. 

4. A process as recited in claim 3 wherein said air 
drying step includes air drying at a temperature of at 
least 80° C. 

S. A process as recited in claim 4 wherein said sinter 
ing-step includes heating said coated mandrel in a vac 
uum to a temperature of 1100” C. 

6. A process as recited in claim 5 wherein said swag 
ing step includes a ?rst reduction in the outside diame 
ter of atv least 3% and a second reduction of at least 
17%. 

7. A process as recited in claim 6 wherein said sinter 
ing of saidmandrel-tube assembly includes heating said 
mandrel-tube assembly in a vacuum to a temperature of 

1lOO° C. _ 
8_. A process as recited in claim 7 wherein said chemi 

cal etching step includes etching said drilled mandrel 
tube assembly in a heated concentrated nitric acid solu 
tion. 

9. A process as recited in claim 8 wherein said sinter 
ing of said mandrel-tube assembly is heated in a vacuum 
at a temperature of 1100° C. for at least 1 hour. 

10. A process as recited in claim 5 wherein said sinter 
ing step of said coated mandrel includes heating said 
coated mandrel in avvacuum to a temperature of 1100° 
C. for at least 1 hour. 
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